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I.  Research  Program 

All  of  the  research  problems  studied  exploited  the 
matrix  Isolation  method  as  developed  at  the  University  of 
California  laboratories.  In  this  method ,  substances  are 
suspended  in  solid  nitrogen  or  an  Inert  gas  and  then  studied 
spectroscopically.  The  Berkeley  laboratory  developed  this 
technique  with  emphasis  on  the  infrared  spectral  region. 

At  the  time  of  the  Initiation  of  this  Air  Force  support, 
the  matrix  Isolation  technique  was  practically  new.  The 
development  of  the  unique  potentialities  of  the  method  was 
significantly  aided  and  accelerated  by  this  financial  aid. 

The  work  has  been  fruitful  and  a  new  research  method  has 
been  demonstrated  for  the  detection  and  study  of  transient 
species.  Of  course,  the  current  Importance  of  the  spectro¬ 
scopic  study  of  high  temperature  reactions  makes  this  work 
timely  and  useful. 

Specific  novel  applications  of  the  method  are  listed. 
First  Infrared  Detection  of  Reactive  Species 

The  detection  of  HCO  Is  the  first  definite  Infrared 
Identification  of  any  triatomlc  free  radical,  except  for  NOg, 
by  any  technique. 

Formyl  radical,  HCO:  definite  (see  publication  No.  6). 

Nltroxyl,  HNO  definite  (see  publication  No.  13). 

NH„  or  N0H0  Identification  still  doubtful 

*  d  *  (see  publications  No.  10,  17). 

CH_  t  Identification  still  doubtful 

2  (see  publications  No.  5*  12). 


iso-dlacomethane  i  identification  still  doubtful 

(sss  publications  No.  5*  IS)* 

N.  t  identification  still  doubtful 

3  (ih  publication  No.  10). 

Chemistry  of  Reactive  gpeoies 

The  matrix  method  gives  a  unique  opportunity  to  study 
the  reactions  of  free  radioals  under  conditions  where  secon¬ 
dary  reactions  are  interrupted. 

Hydrogen  abstraction  by  CHg  t 
Reaction  of  NH  with  Og  l 

Isomerization  of  nitrous  aoidi 

Chemiluminescence  of  CgH4 

formed  from  CHg  l 

Primary  Aot  of  Photolysis 

Because  of  the  inert  environment*  the  primary  aot  of 
photolysis  oan  be  learned  in  the  condensed  phases.  This  is 
always  the  oruoial  reaction  in  the  elucidation  of  photolysis. 
Methyl  iodide  and  the  cage  effect: (see  publication  No.  2) 
Nltromethane  i  (see  publications  No.  11*  13) 

Methyl  nitrite  i  (see  publication  No.  13). 

Hydrogen  Bonding 

Narrowing  of  bands  of  hydrogen  bonded  polymers  gives 
this  method  power  to  segregate  the  infrared  spectra  of  polymers 
of  different  sice.  No  other  method  permits  this. 

Water  i  (see  publication  No.  16) 

Methanol  i  (see  publication  No.  16) 

Hydraxolo  acid  i  (see  publication  NO*  10). 


(see  publication  No.  2) 

(see  publications  No.  3*  15) 
(see  publioatlon  No.  3) 

(see  publioatlon  Mo.  4). 


Formyl  Radical*  HCO 

Tho  detection  of  HCO  by  infrared  methods  has  an  historic 
elgnlf loanee.  Beoause  of  the  low  absorption  ooeffioients  in 
the  infrared*  the  only  two  or  three  diatomio  free  radioais 
had  been  deteoted  earlier  (in  flames).  These  were  deteoted  mainly 
beoause  eleotronlo  speotrosoopy  made  possible  aoourate  pre- 
diotions  of  the  absorption  frequencies.  Diligent  searoh  in 
this  laboratory  and  others  for  evidence  of  NHg  in  flames  was 
indecisive.  The  matrix  isolation  method  was  developed  in 
this  laboratory  to  meet  the  need  for  a  new  approach. 

Formyl  was  produced  by  photolyslng  hydrogen  iodide*  HZ* 

In  solid  CO.  The  identification  was  verified  by  deteotlon  of 
both  infrared  and  visible  absorption  of  HCO  (see  publication 
No.  6). 

Dlazomethane*  CHgNgt  A  searoh  for  CHg 

On  photolysis*  diazomethane  decomposes  to  form  CHg  and 
the  stable  Ng  molecule.  It  seems  to  offer  a  unique  opportun¬ 
ity  to  form  CHg  under  conditions  that  will  permit  storage 
and  leisurely  speotrosoopio  study  of  this  interesting  molecule* 
Diagomethane  was  suspended  in  Ng  and  in  Ar  and  photolyzed 
in  situ  at  20* K.  The  products  were  shown  to  be  distinguishable 
from  the  stable  produota  obtained  from  photolysis  of  the  pure 
material*  either  gas  or  solid.  Infrared  and  visible  ultraviolet 
spectra  features  were  detected  which  oould  be  assigned  to 
unidentified*  presumably  unusual  molecular  species.  A  thermo¬ 
luminescent  behavior  was  observed  for  the  first  time.  Species 
which  oould  contribute  to  the  spectra  include  methylene*  CHg* 
and  an  isosMrio  font  of  die somethane * ,  The  thenao luminescence 


was  assigned  to  exalted  CgH4  formed  on  diffusion  (see  publica¬ 
tions,  No.  4#  5#  and  12). 

Nltroxyl.  HNO 

Both  nitromethane  and  methyl  nitrite  were  photolyzed 
in  solid  argon  at  20*K.  For  the  first  tine#  aethyl  nitrite 
was  identified  as  a  photolysis  product  of  nitromethane#  both 
in  the  matrix  and  in  the  gas.  Nitroxyl#  HNO#  was  detected 
in  the  infrared  and  identified  for  the  first  tins  (see 
publications#  Nos.  11  and  IS). 

Hydraeolo  acid*  HNj 

Photolysis  of  HNg  is  expected  to  produce  NH«  yet  it  has 
never  been  observed  directly.  In  solid  nitrogen#  absorptions 
develop  but  they  are  surely  not  caused  by  NH.  Evidence  is 
considerable  that  the  photolysis  produces  either  NHg  or 
though  whloh  Is  not  yet  dear.  Neither  species  has  been 
definitely  identified  in  the  infrared  region  (see  publications# 
Nos.  10  and  17). 

In  addition#  these  experiments  and  others  led  to  a 
tentative  infrared  identification  of  Ny  Subsequent  work  has 
not  provided  confirmation  of  the  assignment#  though  It  is 
generally  postulated  that  a  nitrogen  atom  suspended  in  solid 
nitrogen  foxms  some  sort  of  a  complex  If*  Kg  (see  publication# 

No.  19). 

Nitrous  Aold.  HONO 

The  photolysis  of  hydrasoio  acid#  HNy  in  solid  nitrogen 
oontaining  a  small  amount  of  oxygen#  produces  nitrous  acid# 


HOMO#  in  both  and  trana  foraa.  This  was  the  first  rsport 
of  this  rsaotlon  of  ths  rodioal  NU. 

MX  4  02  -  HOMO 

It  was  discovered  that  near  infrarsd  irradiation  of  tho  argon 
suspension  or  HOMO  remits  in  a  conversion  of  ols-HOMO  into 
trana -HONO.  The  roaotlon  oan  bo  rovers od  by  ultraviolet 
irradiation.  This  was  the  first  report  of  an  infrared-induo ed 
isomerization.  This  novel  reaction  is  still  under  study 
(see  publications,  Nos*  3  and  15). 

Hydrogen  abstraction  by  methyl  radicals 

The  photolysis  of  CH^I  in  solid  nitrogen  provides  a 
source  of  methyl  radioals  with  known  energy  and  controlled 
environment*  Various  substances  have  been  included  in  the 
matrix  and  quantitative  study  of  the  reactions  that  ooour  has 
been  carried  out.  The  ohemiatry  of  the  methyl  radioals  shows 
that  they  react  as  do  methyl  radioals  at  £000*K.  The  effeot 
of  the  matrix  oage  is  examined  (see  publications#  Mo.  2). 

II.  Personnel 

In  addition  to  two  faculty  personnel#  the  project  has 
involved  the  research  activities  of  two  post-doctoral  students# 
nine  graduate  students#  and  one  undergraduate  student*  The 
thesis  titles  of  the  graduate  studentswho  participated  are 
listed. 


John  D.  Baldesohwieler*  Instructor*  Harvard  University. 

C.  David  Bass*  Atomics  International*  Canoga  Park*  Calif* 
Oeorge  B.  Swing*  Jet  Propulsion  Laboratory*  Pasadena* 
Calif. 

Harmon  W.  Brown*  Varian  Instruments  Co.*  Palo  Alto*  Calif* 
Theodore  D.  Ooldfarb*  Assistant  Professor*  New  York  State 
University*  Oyster  Bay*  New  York. 

Ivan  Haller*  IBM*  Poughkeepsie*  New  York* 

James  Hanlan*  graduate  study  not  completed* 

Dolphus  E.  Milligan*  Research  scientist*  Mellon  Institute* 
Pittsburth*  Pa. 

Mathias  Van  Thiel*  Univerdty  of  California*  Radiation 
Laboratory*  Livermore*  Calif. 


John  D*  Baldeeohwieler  (1959)  "The  Structures  of  unstable 
Compounds  by  Matrix  Isolation  Techniques. " 

C.  David  Bass  (1961)  "Pbotolytlo  Processes  in  Solids.” 


Harmon  W.  Brown  (1958)  "A  study  of  Photolysis  at  Xxtrsmoly 
Low  Temperatures.  * 

George  B.  swing  (1961)  "Speotrosoopio  Studios  of  Substmnoos 
at  Low  Temperatures . " 

Theodore  D.  Ooldfarb  (1959)  "Speotrosoopio  Studies  of 
Diazozaeth&ne  and  its  Unstable  Photolytlo  Produo ts." 

Ivan  Haller  (1961)  "Matrix  Isolation  Studies  Using  Par 
Ultraviolet  Photolysis  and  the  Struoture  of  Some 
Unstable  Molecules. " 

Dolpftus  S.  Milligan  (1958)  "Speotrosoopio  Studies  of 

Reaotlon  Intermediates  at  Extremely  Low  Temperatures. " 

Mathias  Van  Thiel  (1957)  "Matrix  Isolation  Studies  of 
Reaotlve  Molecules. ” 
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tfoffm  Number 

"The  Infrared  Speotrum  of  Solid  Carbon  &&212  . 
Monoxide#"  by  0.  B.  Ewing  and  0.  C.  Al)354*0 7 
Pimentel#  J.  Chen.  Phys.  (in  proas) 


1  Feb* 
1961 


"Hydrogen  Abstraction  from  Hydrooar  bonds  Wot  yet 
by  Methyl  Radicals  from  the  Photolysis  assigned 
of  Methyl  Iodide  in  Solid  Nitrogen#"  by  AfoSRlof*t 
C.  D.  Bass  aid  0.  C*  Pimentel#  J.  Am*  Chem.  , -p  » rj+rtf' 

Tags"  ^‘*^4-  s*p'W 


si  mr. 
1961 


*54-  s-opn&i 


A1W11 


im 


*  Light - Induo ed  cls-trana  Isomerization  o; 
Nitrous  Aoid  Formed  by  Photolysis  of 
Hydrazoio  Aoid  and  Oxygon  In  Solid 
Nitrogen#"  by  J.  D.  Baldeschwleler  and 
0.  C.  Pimentel#  J.  Chem.  Phya*  33# 
1008-1015  (1960). 


6 0-1018  SI  Aug. 

<24-635#  1960 


£  iV ' 

"The  Chemiluminesoenoe  of  Ethylene  /\^°s  60-182 
Formed  Probably  from  Methylene  in  an  , 

Inert  Matrix#"  by  T.  D.  Goldfarb  and 
0.  C.  Pimentel#  J.  Chem.  Phys.  33# 

105-106  (1960).  ~~ 

"Spectroscopio  Study  of  the  Photolysis 


/?3>A  3  3  3  6* 


10  Feb. 
1960 


Diazomethane  in  Solid  Nitrogen#"  by  ^  59-991 
T.  D.  Goldfarb  and  0.  C.  Pimentel,  J. 

Am.  Chem.  Soo.  82#  1865-1668  (i960).  * 


"infrared  Detection  of  the  Formyl 
Radical#  HCO# "  by  0.  E.  Ewing#  tf.  E. 
Thompson#  and  0.  C.  Pimentel#  J.  Chem. 
Phys.  32#  927-932  (l960)|  see  also 
ErratunST  J.  Chem.  Phys.  34#  1067 
(1961).  ~ 


Sept. 

1959 


Nov. 

1959 


"The  Photolysis  of  Carbon  Monoxide# " 
by  B.  H.  Mahan#  J.  Chem.  Phys.  33# 
959-965  (1960).  — 

"The  Perturbation  of  Molecular 
Distribution  Functions  by  Chemical 
Reaction#"  by  B.  H.  Mahan#  J.  Cham* 
Phya.  52#  362  (I960). 


^°60-472 

AD<537  *f  AO 

p^&9-990 


Kay 

1960 


Sept. 


10- 


v^T  Chapter  IV i  Radical  Formation  and 
Trapping  In  the  Solid  Phase*  by  0. 
C.  Pimentel  In  "Formation  and  Trap* 
ping  of  Free  Radicals #"  Edited  by 
H.  Brolda  and  A.  M.  Bass#  Academlo 
Press#  Inc.*  New  York  (1959). 


"Matrix  Isolation  Studies#  Infrared 
Spectra  of  Intermediate  Species 
In  the  Photolysis  of  Hydrazolo  Add  # 
II*  "  by  M.  Van  Thiel  and  0.  C. 
Pimentel#  J.  Chen.  Phys.  32#  133- 
140  (i960). 


f\fas£  TN  Number 


None 


59-223  . 


25  Peb. 
1959 


mi 

"Formation  of  Methyl  Nitrite  In  the 
Photolysis  of  Oaseous  Nltromethane# * 
by  0.  C.  Pimentel  and  0.  Rollefson. 


59-265 

ftl)  JUA+Lfl 


26  Feb. 
1959 


1956 

^12.  "Matrix  Isolation  Studies i  Possible 
Infrared  Spectra  of  Isomerlo  Forms 
of  Dlazomethano  and  of  Methylene, 
CHp# "  by  D.  E.  Milligan  and  0.  C. 
Pimentel*  J.  Chem.  Phys.  29*  1405* 
1412  (1958).  — 

^13.  "Photolysis  of  Nltromethane  and  of 
Methyl  Nitrite  In  an  Argon  Matrix! 
Infrared  Doteotlon  of  Nltroxyl# 
UNO*"  by  H.  W.  Brown  and  G.  C. 
Pimentel*  J.  Chem.  Phys.  29#  883- 
888  (1958).  — 

v'''l4,  "The  Promise  and  Problems  of  the 

Matrix  Isolation  Method  for  Spec* 
troscoplc  Studies#"  by  0.  C. 
Pimentel*  Speotroohlmloa  Acta  12# 
94-96  (1958).  — 

"Reaction  Kinetics  by  the  Matrix 
Isolation  Methods  Diffusion  in 
Argoni  ols-trana  Isomerization  of 
Nitrous  Add#  by  0.  C.  Pimentel# 

J.  Am.  Chem.  8oo*  80*  62—64  (1968). 


A*' 

58*819 


oi r 

do* 58-429 

P  fij>  lS'S*3> 


AF0S%H  3o  2 

^^57-328  XC 

#yi32<foi(y) 


10  8ept. 
1958 


10  M&; 


May 

1958 


15  June 
1957 


11- 


1951 

^  *Infrorod  Studio®  of  Hydrogen  Bonding 
of  Water  by  the  Matrix  Isolation 
Technique,  by  M.  Van  Thiel#  S.  D. 
Becker#  and  0.  C.  Pimentel#  J.  Chem. 
Phye.  27#  486-90  (1957). 


TO.  flaa&E  _ Pa$a 

67-520  £  16  JUno 

#J)  /H+Olfc)  1957 


o  17.  "Matrix  Isolation  Studies i  Infrared 
Spectra  of  Intermediate  Speoles  In 
the  Photolysis  of  Hydrazoio  Acid#" 
ty  E.  D.  Becker#  0.  C.  Pimentel#  and 
M.  Van  Thiel#  J.  Chem.  Phys.  26#  146* 
50  (1957).  — 


o  16* 


"infrared  Studies  of  Hydrogen  Bonding 
of  Methanol  by  the  Matrix  Isolation 
Techniques#"  by  M.  Van  Thiel#  S.  D. 
Becker#  and  0.  C.  Pimentel#  J.  Chem. 
Phys.  27#  95-99  (1957). 

"Infrared  Absorption  by  the  N« 
Radical#”  by  D.  S.  Milligan#  w. 
Brown#  and  0.  C.  Pimentel#  J.  Chem* 
Phys.  25,  1090  (1956). 


